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Water quality has declined not only in Pakistan but also the whole world due to the contamination of water sources by 
pollution which is damaging human health. This study was designed to evaluate the water quality. Logit model was applied 
on socioeconomic factors as determinants of consumption of safe drinking water in Faisalabad, Pakistan. For this purpose 
samples were collected from 225 households. Results obtained provided clear evidence that almost all the water samples 
were contaminated with microbes like Total Plate Count (TPC) Total Coliform and E. Coli (0157), as well as showed higher 
than standard values for hardness, turbidity and Total Dissolved Solids (TDS) It was also observed that per capita income of 
Household, residential status, level of awareness and (ground water having smell of some chemical)smell of ground water 
were positively related to the household consumption of safe drinking water while age of family head, occurrence of some 
waterborne diseases to any family member were negatively related to the household consumption of safe drinking water. 
Policies regarding improvement in educational system and public awareness campaigns ranging from urban to country side 


should be launched. 
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INTRODUCTION 

Drinking water must be free from components which 
may adversely affect the human health. Such 
components include minerals, organic substances and 


disease causing microorganisms. A large portion of the 
population in developing countries suffers from health 
problems associated with either lack of drinking water or 
due to the presence of microbiological contamination in 
water (Van, 2000). 

Poor water quality is responsible for the death of an 
estimated 5 million children in the developing countries 
(Holgate, 2000).The problem is further aggravated by 
rapidly increasing population which results in poor water- 
quality management(Huang and Xia, 2001). It was 
estimated that, in Pakistan, 30% of all diseases and 40% of 
all deaths are due to poor water quality (Water Vision 2025, 
Country Report — Pakistan 2000.)During 2004-2005, in 
Pakistan approximately 38.5 million people did not have 
contact to secure drinking water while round about 50.7 
million populations lacked proper sanitation facilities 
(Pakistan Millennium Development Goals Report, 2006). 
Safe drinking water is a fundamental need of health and has 
a significant impact on reducing poverty. Polluted drinking 
water is a major threat to health in developing countries 
most of the diseases are due to polluted water (Suner al, 
2010).Cholera and diarrheal become a cause of the death of 
1.8 million people every year. And 88% cases of diarrhoea 
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are credited to poor sanitation and insecure water supply 
(Broxet al, 2003). Unfortunately, little attention is being 
paid to drinking water quality issues. Water supply agencies 
only prioritize quantity related problems. In short, there is 
a lack of drinking-water quality monitoring and 
surveillance programmes in the country. 

There might be various factors which determine household 
behaviour regarding household consumption of safe water. 
The quality of water includes appearance, odour and taste of 
water from tap. While socioeconomic factors includes age, 
income, education and occupation of household, families 
having children and awareness’ regarding water 
contamination are important factors which effect the 
selection of safe drinking water (Sattar and Ahmad, 2007) 
and (Wabbier al, 2008). 

Thus there is a need to find out where the actual 
problem lies; whether the water sources are 
contaminated or lapses occur in the distribution system. 
This research work was undertaken with the objective to 


evaluate the drinking water quality in Faisalabad, an 
Industrialized city of Pakistan according to WHO 
guidelines. For this purpose we _ used _ important 


demographic, water quality and socioeconomic factors 
which determine the household consumption behaviour for 
safe drinking water. The factors are age, occupation and 
education of household head, per capita income of family, 
children under 10 years of age, residential status, occurrence 
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of waterborne disease, level of awareness, smell and 


appearance of ground water. 
MATERIALS AND METHODS 


Water Quality Monitoring: To testify the water quality six 
parameters i.e. pH, turbidity, hardness, total dissolved solids 
(TDS), total coliform (T.C) and faecal coliform (F.C) were 
carried out according to AOAC (2003). 

Chemicals and materials: All the High-performance liquid 
chromatography (HPLC)-grade chemicals like 
Sodium Ethylene Diamine Tetra Acetate (EDTA), 
Phenolphthalein Indicator Potassium Chromate, Silver 
Nitrate, Aluminum Hydroxide, Hydrazine — sulphate, 
Hexamethylenetetramine, Sodium Hydroxide, Sulphuric 
Acid were purchased from Merck (Darmstadt, Germany). 
All the material used for biological assays like Cotton 
Swabs, Broth Tubes, Sterile Absorbent Pads, Sterilized 
Forceps and Sterilized Needles were obtained from 
Hengshui Aohong International Trading Co.(China). 

Sample and Data Collection:The current research work 
analysed factors which determine the consumption of safe 
drinking water in Faisalabad. Binary Logit model was used 
for the purpose. Stratified random sampling method was 
used to collect the data from 225 households of district 
Faisalabad through questionnaires. Questions were included 
about the consumer characteristics, consumer perception 
and behaviour regarding the consumption of water. While 
three samples of water at different places were also sought 
for laboratory analysis. 


Logitmodel :Logit model is actually the representation of a 
non-linear model which was used to handle the case of 
restricted variable like binary choice variables. In this 
study,Logit model was used for binary choice analysis of 
consumer behaviour followed by (Sattar and Ahmad,2007) 
(Haget al, 2008) (Jalanet al,2003).This model represent the 
given below collective probability density function: 


ne Pe sieite taba oti tastes (3.1) 
Dp = the probability that household is 
consuming safe drinking water 
exp the exponential value 
x; = the set of explanatory variables and 
B = the corresponding set of regression 
parameters 
Since the indicator which represents household’s 
consumption of safe drinking water were not observable 
directly therefore in order to avoid this problem, 


dichotomous (0-1) variables were introduced. If Household 
was using safe drinking water, 1 was used as a 
representative and when Household was not using safe 
drinking water then 0 was used as dummy. The dependent 
variable was a function of several explanatory variables 
including age of family head, education level, per capita 
income of family, number of children under 10 years of age, 
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occupation of family head which was assigned value of | if 
professional otherwise 0. Residential status which was 
assigned value of | in case of urban and 0 if rural, 
occurrence of water borne disease to any family member 
which was given the value of 1 if disease occurred otherwise 
0, smell of ground water 1 in case of water having smell 
otherwise 0 and appearance of ground water | if appearance 
is clear otherwise it is 0. In order to check the relation and to 
get maximum information out of the survey the data had 
been analyzed through logistic regression. 


RESULTS AND DISCUSSION 


1.pH:According to guidelines of WHO pH of drinking 
water has no health concerns but extreme changes like 
above 8.0 or below 6.5 could be the cause of gastrointestinal 
problems (Katyaland Satake, 1990). The study showed that 
in table 1 pH of water samples found within safe limits. 


2.Turbidity 

Turbidity can affect the colour of the water and directly 
linked to water quality. Turbidity is a measure of water 
clarity depends upon the contamination of suspended 
materials in water that includes soil particles, algae, plankt 
on, microbes etc.Table | is evident that the sample showed 
higher values than the recommended level. Values of 
turbidity and pH as measured for all the sources suggest 
disinfection of water can be carried out effectively(Haydaret 
al,2009). 


Table 1:Physiochemical characterization of ground 
water samples from Faisalabad 








Turbidity Hardness H TDS 
(NTU/100ML) | (mg/L) P (mg/L) 
3.32+40.29 236.642.8 | 7.140.305 | 946426 




















Hardness: Hardness is associated with the dissolution of 
metallic ions mainly calcium and magnesium although some 
others like iron, strontium and manganese. Hardness 
commonly is reported as an equivalent concentration of 
calcium carbonate (CaCO3). Hardness found in the sample 
was 236.6+2.8.It was observed that hardness of water varies 
considerable from place and in general, surface water is 
softer than the ground water (Sawyer, 1994). 


Total Dissolved Solids (TDS):The mean values of TDS in 
samples are presented inTable 1. Since TDS higher than 
1000 mg/L impart taste to the water, therefore, a desirable 
value of 1000 mg/L is proposed by World Health 
Organization(WHO). Furthermore, a value higher than 1000 
mg/L results in excessive scales in water pipes, heaters, 
boilers and household appliances (WHO, 2004). It can be 
seenthat TDS value found in the sample was 946+26. In 
early studies, inverse relationships were reported between 
TDS concentrations in drinking water and the incidence of 
cancer, coronary heart disease, arteriosclerotic heart disease 
and cardiovascular diseaseand total mortality rates were 
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reported to be inversely correlated with TDS levels in 
drinking-water(Van, 2000;Nwachcuku andGerba, 2004 and 
Dziubanet al, 2006). (This result was reported from the 
above mentioned references) remove it 


Biological Assay:The results related to biological analysis 
have been presented in Table 2. All the water samples 
showed higher values of TPC than the standards. Total 
Coliform (TC) group includes both faecal and 
environmental species. Their presence showed that water 
has been contaminated with human faeces, soil particles and 
plants debris etc. It can be seen from Table | thatwater 
fromthe samplewas contaminated with TC.It is also 


noteworthy that sample was contaminated with 
E.Coli(0157) multiple reasons can be ascribed to this 
contamination such as intermittent water supply of 
wastewater into the distribution system through poor joints 
and intermixing of sewage water with fresh water as well as 
dumping of garbage in the soil which mixes with the ground 
water. 

According to a survey of the (The Tribune 2012, 
Retrieved 2013) 88% of water supplied for household 
consumption was unsafe for drinking because of 
microbiological contamination. It was reported that 79% 
water samples were contaminated with E.Coli and 
Coliforms (Ahmad andZulfiqar, 2008). 


Table 2:Microbiological status of ground water in Faisalabad 














TPC/100 mL Total Coliform/ 100 mL Be Cons! 
100 mL 
1.9x10° Present Present 











6. SOCIO ECONOMIC FACTORS 

Frequency Sdistribution:The frequency distributions of 
household regarding the consumption of safe drinking water 
have been given in Table 3, which indicates that urban 
resident and professional household were found consuming 
more safe water as compared to rural and self-employed. 


Water having smelt and unclear appearance tends the 
consumer to use safe drinking water. Occurrence of disease 
was also positively related to the household consumption of 
safe water. 


Table 3:Frequency distribution of Household regarding consumption of safe water 












































Variables Categories HH consuming safe water | HH consuming ground water 
(%) (%) 
Professional 716 24 
Occupation 
Self employed 51 49 
; Occurred 65 35 
Disease 
Do not occurred 60 40 
Clear 74 26 
Appearance Not clear 90 10 
Yes 89 11 
Smell No q2 28 
Urban 83 17 
Residential Status Rural 23 q7 











Awareness was divided into 3 levels, Good, Average and 
low. The frequency distribution for all three levels of 
awareness is given in Table 4. Which shows that as the level 
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of awareness rises the household consumption for safe 
drinking water also rise. 
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Table 4:The Frequency distribution of Household regarding consumption of safe water in terms of level of awareness 
































Variable Teavel or Awareness HH consuming safe water | HH consuming ground water 
(%) (%) 
Good 97 3 
Awareness Average 75 25 
Low 24 76 
4.6.2. Logistic Regression analysis of sample data household was consuming safe drinking water than it was 
forhousehold consumption of safe drinking given the value of | otherwise 0. The detailed results of this 
water(HHCSDW) model have been presented in the Table 5. 


In this study we used a dependent variable i.e. Household 
Consumption of Safe Drinking Water (HHCSDW). If 


Table 5:Logit model on determinants of Household consumption of safe drinking water 



























































Explanatory Variables Coefficient Std. Error z-Statistic Probability 
Constant “4.311 6.002 0.718 0.473 
Age -0.424** 0.169 -2.518 0.012 
Occupation 0.903 1.345 0.672 0.502 
Education 0.650 0.502 1.296 0.195 
Per capita income 0.002** 0.001 2.447 0.014 
Children under 10 years 1.025 0.804 1.276 0.202 
Resident 5.822* 2.161 2.694 0.007 
Disease -5.009** 2.521 -1.987 0.047 
Good awareness 5.284% 2.928 1.804 0.071 
Average awareness 4.274 *** 2.298 1.860 0.063 
Minimum awareness 0.935 2.408 0.388 0.698 
Smell of ground water 2.524 *** 1.342 1.881 0.060 
Appearance of ground water -1.0151 1.537 -0.661 0.509 





* Significant at 1 % level of significance** Significant at 5 % level of significance*** Significant at 10% level of 


significance 


The results of the socio economic factors determining 
household consumption for safe drinking water are 
presented in Table 5. According to the results of the Logit 
model age of household head has negative and significant 
effect on household consumption of safe drinking water. It 
was found earlier that age is the most important 
determinants in the selection of bottled water(Abrahamset 
al, 2000). Occupation was considered as an instrument for 
motivating the family head to use safe drinking water. The 
results show that occupation and education of household 
head positively affect the consumption of safe drinking 
water. Educated and professional family heads are more 
likely to use safe drinking water than the self-employed 
person. Previously, it was found that occupation of decision 
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maker is not statistically significant in all the cases of 
purification of drinking water (Sattar and Ahmad, 2007) 
while the Education levels of Household heads have positive 
and significant effect on demand for safe drinking water 
except first level of education(Ahmadert al,2010). 

Per capita Income of family was positively and significantly 
determining the consumption of safe drinking water. As 
income increases the probability of consuming clean water 
also increases. It was reported that willingness to pay does 
not depend entirely on income(Nooret al,2009).The Number 
of children under 10 years of age in the family has positive 
effect on consumption of safe drinking water. The results 
revealed that families having more children less than 10 
years of age are more expected to use safe drinking water. 
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Parents value the health of children more than double of 
their personal health(Aziz, 2007). 

Residential status was found to have strong and positive 
effect on the consumption of safe drinking water. This 
simply means that urban residents are more probable to use 
safe drinking water. Location of household is significant 
that shows 23.6% higher probability of using any method of 
water treatment by house hold.If it belongs to urban area as 
compared to rural area of the district(Ahmadet a./,2010).The 
coefficient of occurrence of water borne disease to any 
family member was negative and significant. It also 
specified that waterborne disease occurred to the people 
who do not consume safe drinking water. The results were 
consistent with, water borne disease is negatively related to 
perception about quality of water(Nooret al.,2009).The 
different levels of awareness, i-e good awareness, average 
awareness and minimum awareness are _ positively 
determining the household consumption of safe drinking 
water. The persons who are well aware of hazards of unsafe 
water are more likely to consume safe drinking water. 
Awareness plays positive role in adopting averting behavior 
like filter and is highly significant (Haget al,2008). 

The coefficient of smell of ground water shows positive 
effect which indicates that smell of ground water positively 
affects the consumption of safe drinking water. If people 
found smell in their ground water they consume more safe 
drinking water. Whereas, according to the results the 
appearance of ground water has negative effect on the 
consumption of safe drinking water. If ground water is 
apparently clean then the household is less likely to 
consume safe drinking water. Therefore, the results 
indicate that the quality of water has negative and 
significant impact on demand for safe drinking 
water(Ahmadet al,2010). 


CONCLUSION AND POLICY IMPLICATIONS 


The quality of drinking water is of vital concern to mankind 
since it is directly associated with human life. Pakistan is an 
underdeveloped country where water quality is a major issue 
and contaminated water with microbes and addition of 
various hazardous chemicals creates epidemics and causes 
water borne diseases. This project was designed to evaluate 
the water quality affected by various physicochemical, 
microbiological as well as socioeconomic factors and also 
the household consumption trend in population. It was 
found that water from all the sampling sites was 
contaminated and found unsafe for human consumption. It 
was also observed that strong and systematic socioeconomic 
factors may prevent or enforce the household to consume 
safe drinking water in Faisalabad.Family head is responsible 
for taking various decisions in the family. Young, educated, 
well aware professional family head can take better care for 
his family and more probable to consume safe drinking 
water. Greater the per capita income and number of children 
under 10 years of age in the family, greater is their demand 
for safe drinking water.The industrial waste should be 
treated well before exhaust in order to prevent surface and 
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ground water from being contaminated.In addition to the 
traditional education, every day science should be a 
compulsory part of syllabus up to secondary school level. 
Government should launch public awareness campaigns 
through digital and print media. 
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